Introduction
. Changes in the SLA-EMS with the increase or reduction of perennial snow-and 65 ice-covered area have a profound effect on stream water availability in the basins (Lei et al., 2012) . For the 66 future livelihood of these people, it is therefore very important to estimate the SLA-EMS in HMA, understand 67 how the SLA-EMS will respond to climate changes.
68
The traditional strategy for SLA-EMS estimating is direct ground-based observations using field methods,
69
and extrapolating them to the rest of the mountain ranges. In HMA, this strategy suffers from the scarcity of 70 local observations in space and time and the consequent need to extrapolate to vast unsampled areas. This is 71 problematic, given that the pattern of glacier change in HMA is now known to be strongly heterogeneous (Brun 
79
The most recent and advanced remote sensing snow cover product is produced by MODIS flown on the 
172
The SCD represents the overall snow cover conditions for a region in a year. Therefore, the maps of the 
177
where N is the total number of days (images) within a year and Di is the snow cover fraction (%) in a 178 pixel(0≤Di≤100). Ceil (Di ≥50) counts the numbers of Di ≥50. For instance, if the pixel value on the image is 60 179 (i.e., 60% snow cover), the SCD adds 1. If the pixel value on the image is 10 (i.e., 10% snow cover), the SCD 180 adds 0 and is unchanged. Figure 3 shows the distribution of the MODIS-derived SCD in the HMA. 
234
The specific dates and locations of Landsat ETM+/OLI images are listed in Figure 2 and Table 2 . In this work,
235
Landsat images are firstly classified as snow or non-snow using the current "SNOWMAP" (Hall et al., 1995) varying with the regions, the average of them is also about 347d. Therefore, in this study, we ultimately chose 242 the MODIS SCD thresholds as 347d for estimating perennial snow cover and SLA-EMS. 
243

281
Spatial Pattern of SLA-EMS
282
For each glacier grid (30km) in the HMA, the yearly SLA-EMS has been calculated. 
392
However, the quantitative relationship between SLA-EMS and glacier annual mass balance needs to be 393 further studied in the future work using more abundant glacier annual mass balance data, for example using 394 time series of DEMs derived from ASTER optical satellite stereo-images (Brun et al., 2017) .
395
The spatial distribution pattern of SLA-EMS in the HMA is mainly affected by two factors: latitude and 
